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1
Discussion

The QoS work tasks #1-#4 discussed over email are summarised in the table below:
	Key Issue: Quality of Service (QoS)

	Work Task ID
	Work Task(s)
	Work Task Description

	QoS_WT_#1
	QoS parameters, i.e. how to describe the authorised treatment of the data traffic
	1.1 Which QoS parameters may be used to describe the delivery of PDUs in the NextGen system and what is the traffic granularity on which these parameters apply (e.g. service data flow, PDU Session, UE, etc.)?

NOTE 1: Clarify if GBR is part of the QoS parameters.

NOTE 2: The QoS parameters describe the expected traffic handling provided by the NextGen system to a specific user data traffic flow in terms of priority, pre-emption, latency, error rate, etc.

	QoS_WT_#2
	How  the application layer may request a specific treatment of the traffic
	2.1 What are the parameters and procedures used to describe the application QoS requirements?

NOTE 3: The term “application” here refers to the AF or to the application client in the UE.

	QoS_WT_#3
	How to distribute the QoS parameters describing the authorised treatment of the data traffic
	3.1 Is QoS information signaled on each of the reference points in the architecture assumed for a given solution and how:

· e.g. per Layer-3 aggregate (flow), per Layer-2 aggregate, per application, other?

· which QoS parameters, and for which direction (UL, DL, both)?

· for which type of traffic (e.g. traffic authorised via NG5, traffic authorised by subscription, etc.)?
NOTE 4: If there is a need for multiple UP function(s) (thus multiple reference points from CP functions to multiple UP functions instances), clarify how many instances are needed in a non-roaming scenario and clarify the functional differences between them (if any).

NOTE 5: There is no assumption that C-plane signaling is needed to support QoS of all types of traffic.

	QoS_WT_#4
	How to associate the authorised QoS treatment  to User Plane data traffic
	4.1 Is per-PDU marking used over RAN-CN interface and how?

· What information is contained in the marking?

· How is it determined by the sending side (CN or RAN)?

· How is it used by the receiving side (RAN or CN)? (feel free to make assumptions about the QoS services provided by RAN)

4.2 How is a service data flow associated to a per-PDU marking?

NOTE 6: there is no assumption that U-plane marking is needed to support QoS of all types of traffic.


It is proposed to review the description of the QoS solution in clause 6.2.2 in the light of the four WTs above and provide additional clarifications.
QoS_WT_#1 is largely addressed in clause 6.2.2, the list of QoS parameters describing the authorised treatment of the data traffic being summarised in a table. Some minor updates on the table are proposed based on the discussion in relation to the other three work tasks.
QoS_WT_#2 is addressed partly. The call flow currently indicates that an Application Function (AF) may initiate a new QoS request. However, it should also be possible to have a new QoS request initiated by the UE (similar to the UE Bearer Resource Request procedure in EPS), as well as by the UP functions upon detection of a new flow. In all three cases the determination of the Authorised QoS is made by the CP functions and the subsequent procedure for distribution of Authorised QoS is identical;
Proposal 1: It is proposed to add UE and UP functions, in addition to the AF, as possible originators of a new QoS request.
Moreover, it is proposed to agree that the use of specific FPI set may be pre-authorised in the UE, so that the UE can initiate uplink traffic with so far unused FPI without having to perform explicit signalling with the network. This assumption also implies some expectations from the radio interface as discussed later under QoS_WT_#4.
Proposal 2: It is proposed to allow for pre-authorisation of an FPI set upon PDU Session establishment.    

QoS_WT_#3 is addressed partly. The call flow currently indicates that both C-plane and U-plane QoS signalling is used for distribution of Authorised QoS to the entities that perform QoS enforcement (UE, RAN, UP functions). For instance, the call flow indicates that C-plane signalling is used towards UP functions (over NG4), towards RAN (over NG2) and towards UE (over NG1), while at the same time U-plane markings are used on NG3. The text is currently unclear whether C-plane signalling is needed always, in particular towards RAN and UE.
In our view the use of C-plane signalling towards the UE should be avoided because it would typically incur the use of a C-plane procedure similar to RRC Reconfiguration Request on the radio interface. On the other hand, in some cases (e.g. GBR flows) the use of C-plane signalling with the UE may be unavoidable (e.g. in order to convey the GBR parameter and/or a Flow Descriptor).

In today’s EPS, when a new flow is being added on an existing Dedicated bearer, there is a need to perform explicit signalling ([NAS] Modify Dedicated Bearer, using RRC Reconfiguration Request) even for non-GBR bearers, in order to provide the uplink TFT for the new flow, so that the UE knows how to perform bearer binding of the new flow.

In our view, for non-GBR bearers at least it should be possible to avoid the use of explicit QoS signalling by using other means e.g. by using reflective QoS, as described in TS 23.139 clause 6.3 (Fixed Broadband Access) and TS 44.318 Annex B.3 (GAN).

In the existing reflective QoS scheme the UE performs (or may perform) reflective QoS without any signalling. To avoid any ambiguity, or unpredictable UE behaviour, in NextGen context it is proposed to allow the network to explicitly signal on per-packet basis whether reflective QoS is to be used for the corresponding uplink traffic. The decision for use of reflective QoS is made in the UP functions and the decision is conveyed over NG3 as per-packet marking, along with the FPI. It is also expected that the reflective QoS indication will be further conveyed over the radio interface to the UE, because the UE is the final consumer of this information.

Proposal 3: It is proposed to clarify that C-plane signalling should be used parsimoniously i.e. only when the use of U-plane marking is not sufficient. 
Proposal 4: It is proposed to add a “reflective QoS indication” in the per-packet marking over NG3 in the downlink.
Proposal 5: It is expected that the RAN design will allow for transport of the “reflective QoS indication” over the radio interface U-plane in the downlink.
QoS_WT_#4 is addressed partly. The call flow currently indicates that FPI-based marking is used on NG3 in both downlink and uplink. In downlink the marking is determined by the UP functions. In uplink the marking is determined by the RAN based on QoS information (Flow Descriptor and associated QoS) that is provided via C-plane signalling.
Assuming that the use of C-plane signalling should be minimised (as discussed previously), it is questionable whether the RAN is able to determine the uplink FPI marking for flows for which there was no C-plane signalling. In our view the uplink marking for such flows would have to be provided by the UE over the air interface as part of the radio packet headers (e.g. PDCP, RLC, or MAC header). While it is up to RAN groups to design the radio interface, we propose that for a complete system-level solution the FPI marking in the uplink needs to be provided by the UE to the RAN in order to avoid C-plane QoS signalling.
In relation to QoS_WT_#1 it was earlier proposed that the system should be able to pre-authorise the UE with a set of “pre-authorised FPIs”. For traffic corresponding to one of the “pre-authorised FPIs” the UE should be able to initiate uplink traffic with so far unused FPI without having to perform explicit signalling with the network. From the current radio design of the PC5 interface we know that it is possible to initiate a new “PC5 radio bearer” without any RRC signalling. We expect that the future NR interface will support such a capability for implicit initiation of a new radio bearer. The reason for carrying the FPI marking on per-packet basis over the radio interface would then serve the following purposes: 1) allow the RAN to replicate the FPI marking received over the radio interface into FPI marking over NG3, and 2) allow the UP functions (or even the RAN) to perform verification whether the use of this FPI was indeed pre-authorised.
Proposal 6: It is expected that the RAN design will allow for implicit establishment of “radio bearers” (similar to the existing support on PC5) i.e. support for transmission of uplink packets with a currently unused FPI, without any C-plane signalling between the UE and the network.
Proposal 7: It is expected that the RAN design will allow for transport of the uplink FPI marking on per-packet basis over the radio interface U-plane.
In the downlink direction the transport of the downlink FPI marking over the radio interface is not required in the basic case, but it may be useful in the case of UE-to-Network Relay, to allow the Relay to determine the QoS of downlink packets on the interface between the Relay UE and the Remote UE. While support of UE-to-NW Relay is not among the top priority topics for the initial NextGen specification, it is worth considering the transport of the FPI marking in the downlink for a complete QoS solution.  

Proposal 8: It is expected that the RAN design will allow for transport of the downlink FPI marking on per-packet basis over the radio interface U-plane to support QoS towards the Remote UE in presence of UE-Network relaying.
When initiating uplink traffic for a pre-authorised FPI the UE may also express its desire to receive the same QoS for corresponding DL flows. Again, to avoid any C-plane QoS signalling for this purpose it may be beneficial for the UE to include a “reflective QoS indication” on per-packet basis in the radio packet header (PDCP, RLC or MAC) of uplink packets.
Proposal 9: It is expected that the RAN design will allow for transport of the “reflective QoS indication” over the radio interface U-plane in the uplink.
2
Proposal

Based on the discussion in the previous section, it is proposed to agree the text below for inclusion in TR 23.799.
####################### START TEXT FOR TR 23.799 ##########################
6.2.2
Solution 2.2: Flow based QoS framework

This is a solution to Key issue 2: QoS framework.

6.2.2.1
Architecture description

The Figure 6.2.2.1-1 represents a flow based QoS architecture that is used to describe the proposed QoS framework.
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Figure 6.2.2.1-1: Flow based QoS architecture

NOTE:
This solution does not assume a specific number of CP and UP functions, for illustrative purposes the CP and UP functions have been grouped.

The QoS policy is stored and set-up at the CP functions in order to be:

-
Enforced at UP functions.

-
Transferred to AN and UE for QoS enforcement.

The following list of parameters is needed at this stage for QoS framework definition:

-
Flow Priority Indicator (FPI): define priority per flow treatment at UP and AN functions. It corresponds to scheduling priority as well as priority handling in case of congestion. The FPI also indicates whether the flow requires guaranteed flow bitrate and/or maximum flow bitrate.

Editor's note:
It is FFS whether packet delay budget and/or packet error rate are implicitly covered by the FPI value or whether they are distinct QoS parameters.
Editor's note:
How to support FPI marking for non-deducible flow in uplink direction is FFS.

-
Flow Descriptor: packet filters associated with that specific flow treatment. In uplink identification shall be done in the UE and AN but limited to layers 3 and 4.

Editor's note:
Uplink identification of non IP flow is FFS.

-
Maximum Flow Bitrate (MFB): UL and DL bitrate value applicable for a single flow or aggregation of flows. It indicates maximum bitrate authorized for the data flow.

NOTE:
The MFB of a guaranteed flow shall be set larger than or equal to the GFB.

Editor's note:
How to support maximum bitrate for application traffic (i.e. detected by application detection functionality) is FFS.

-
Guaranteed Flow Bitrate (GFB): UL and DL bitrate value applicable for a single flow or aggregation of flows. It indicates guaranteed bitrate authorized for the data flow.

-
Flow Priority Level (FPL): defines the flow relative importance to access to AN resource. In addition, the FPL indicates whether the access to AN non-prioritized resource should be pre-emptable and resources allocated should be protected from pre-emption.

-
Session Bitrate: UL and DL bitrate value applicable for the established user session. It indicates maximum bitrate authorized for user session.

-
Reflective QoS Indication (RQI): DL indication applicable for a single flow or aggregation of flows. When used as U-plane marking it is determined by the UP functions and is applied on per-packet basis for the lifetime of a flow.

Editor's note:
It is FFS whether RQI need to be signalled in-band or whether UE shall apply reflective QoS for all flows that were initiated without explicit C-plane QoS signalling.
Editor's note:
It is FFS whether RQI is needed in the uplink to allow the UE to indicate to the network to apply the same QoS for corresponding downlink flows.
Editor's note:
It is FFS how the UP functions determines the lifetime of the flow and whether the FPI can change during the lifetime of a flow.
Editor's note:
It is FFS whether UE bitrate value should be defined.

QoS parameters are applicable at least in the following functions as summarized in the table below:
Table 6.2.2.1-1: QoS parameters

	QoS parameters
	UP functions
	AN
	UE

	Flow Priority Indicator (FPI)
	*
	*
	*

	Flow Priority Level (FPL)
	
	*
	

	Flow Descriptor
	DL
	*
	*
	

	
	UL
	
	*
	*

	Maximum Flow Bitrate (MFB)
	DL
	*
	
	

	
	UL
	
	*
	

	Guarantee Flow Bitrate (GFB)
	DL
	
	*
	

	
	UL
	
	*
	*(1)

	Session Bitrate 
	DL
	*
	
	

	
	UL
	
	*
	

	Reflective QoS Indication (RQI)
	DL
	*
	*
	*


Editor's note:
It is FFS whether GFB is applicable in UP functions.

NOTE:
Support of GFB in the UE depends on the QoS design of the radio interface.

The following reference points are assumed for the purpose of describing the QoS framework:

NG1:
Reference point between the UE and the CP functions. 

NG2:
Reference point between the AN and CP functions. 

NG3:
Reference point between the AN and UP functions


NG4: 
Reference point between the CP functions and UP functions.

NG5:
Reference point between the CP functions and an Application Function (AF).



All the parameters in the table above may be provided using C-plane signalling over NG4, NG2, NG1 or even at access stratum, depending on the RAN design for the radio interface.

FPI and RQI are used on NG3 and on the radio interface on per-packet basis for the lifetime of a flow:

-
Upon uplink data reception the RAN performs verification whether the FPI corresponds to the set of pre-authorised FPIs and replicates it on the NG3 interface (e.g. in the NG3 encapsulation header, and/or as transport-layer marking). The uplink FPI is used further upstream by the UP functions to perform validation e.g. whether the FPI used by the UE corresponds to the (pre-)authorised QoS policies.
-
Upon downlink data reception the RAN uses the downlink FPI to determine the QoS treatment on the radio. It may also replicate the received downlink FPI and/or downlink RQI on the radio interface. Upon downlink data reception UE uses the downlink RQI to determine whether it shall apply reflective QoS on the corresponding (as determined by the UE) UL flows. The UE may use the downlink FPI to determine QoS for the corresponding uplink traffic in case of reflective QoS.

C-plane signalling over the radio interface should be used only when the information provided using U-plane markings (i.e. FPI and RQI) is not sufficient.

Editor's note:
This solution assumes that the RAN design of the radio interface supports U-plane markings (e.g. FPI and/or RQI) on per-packet basis in both uplink and downlink.

Editor's note:
This solution assumes that the RAN design of the radio interface supports in-band initiation of “radio bearers” (similar to the existing support on PC5 or GERAN) i.e. without any C-plane signalling between the UE and the network.

Editor's note:
This solution assumes that the RAN design of the radio interface is able to map the uplink FPI to corresponding radio resource control.
6.2.2.2
Function description

Editor's note:
This clause will contain function descriptions and the interactions among the network functions.

Depicted in Figure 6.2.2.2-1 is a call flow describing the C-plane QoS signalling.



[image: image4.emf]CP functions UE  AN AF

1. Establishment of PDU Session

UP functions

5a. Authorised QoS (NAS option)

3. Authorised QoS

4. Authorised QoS

6. Authorised QoS Ack

2a. AF QoS Request

7. Authorised QoS Ack

2b. UP QoS Request

2c. UE QoS Request

5b. Authorised QoS (AS option)


Figure 6.2.2.2-1: Flow based QoS architecture: Control plane signalling
1.
A PDU Session is established between the UE and a data network. The PDU Session carries all traffic related to the PDU Session regardless of the QoS characteristics of individual traffic flows. QoS differentiation between several flows multiplexed on the same PDU Session can be provided by means of a QoS marking applied to each packet. As part of this step the UE is provided with a set of pre-authorised FPIs for which it can initiate UL packets without explicit signalling with the network.
2.
A new QoS request is received by the CP functions from the Application Function (AF), from the UP functions, or from the UE, as described in steps 2a, 2b and 2c, respectively.
2a.
The Application Function (AF) is an element offering packet flow that requires a specific QoS treatment. The AF sends [NG5] AF QoS request  (Flow Descriptor, flow bitrate) to CP functions.

2b.
The UP functions detect a new flow that requires specific QoS handling and sends a [NG4] UP QoS Request (Flow Descriptor, Application ID) to CP functions.

2c.
The UE sends an explicit QoS request by sending a [NG1] UE QoS Request (Flow Descriptor, Requested QoS) to CP functions.


3.
The CP functions determines the authorised QoS for the QoS request received in step 2 based on operator requirements. The QoS policy is the list of parameters applicable to control QoS in relevant NextGen entities (CN, AN, UE).


The CP functions sends a [NG4] Authorised QoS (DL Flow Descriptor, Flow Priority Indicator, DL Max Flow Bitrate, DL Session Bitrate, RQI). The DL Flow Descriptor is used by the UP functions to identify user plane packets on which to perform packet classification and marking with the Flow Priority Indicator received within QoS policy. In addition, the UP functions use DL Max Flow Bitrate and DL Session Bitrate to apply maximum bitrate control for downlink packets at the flow and PDU Session level.


The Flow Priority Indicator refers to parameters which are preconfigured at AN node and which describe the packet treatment. RQI indicates whether UE shall apply reflective QoS for corresponding uplink flows. FPI and RQI are used by UP function for U-plane marking over NG3 in the downlink.
Editor's note:
Roaming scenario is FFS.

4.
The CP functions may send [NG2] Authorised QoS (UL Flow Descriptor, Flow Priority Indicator, FPL, UL Max Flow Bitrate, UL and DL GFB, UL Session Bitrate) message to the AN.


The UL Flow Descriptor is used by the AN to identify user plane packets on which to perform packet classification and marking in the uplink with the Flow Priority Indicator received within the QoS policy. The AN uses UL Max Flow Bitrate and UL Session Bitrate to enforce maximum bitrate control at PDU Session and flow levels for uplink user plane data packets based on received values.
NOTE:
As part of this step the CP functions also provides information that allow the AN node to identify the PDU Session.
This message is optional. It is used only if AN needs to receive information that is not possible to receive using downlink user plane markings on NG3.
5.
The network may send Authorised QoS information (i.e. UL Flow Descriptor, Flow Priority Indicator, UL GFB) to the UE. Depending on the RAN interface design it is possible that the QoS information is signalled as NAS information (step 5a) or as AS information (step 5b). The UL Flow Descriptor is used by the UE to identify user plane packets on which to perform packet classification and marking in the uplink with the Flow Priority Indicator received within the QoS policy.
Editor's note:
It is FFS whether C-plane QoS signalling information is sent as NAS information (step 5a) or AS information (step 5b).

This message is optional. It is used only if UE needs to receive information that is not possible to receive using user plane markings on the radio interface.


NOTE:
It is up to RAN groups to define QoS framework in radio access.




6.
The AN acknowledges QoS enforcement operation to CP functions by sending a [NG2] Authorised QoS Ack message to CP functions. This message exists if step 4 was performed earlier.
7.
The UP functions acknowledges QoS enforcement operation to CP functions by sending a [NG4] Authorised QoS Ack message to CP functions.

Depicted in Figure 6.2.2.2-é is a call flow describing U-plane QoS aspects.


[image: image5.emf]CP functions UE  AN DN UP functions

8. Uplink IP packet

1. Downlink IP packet

2. NG3 packet (FPI_1, RQI)

3. radio packet (FPI_1, RQI)

6. NG3 packet (FPI_2)

5. radio packet (FPI_2)

4. UE takes a note 

of FPI_1 and RQI

7. UE takes a note 

of FPI_1


Figure 6.2.2.2-1: Flow based QoS architecture: User plane aspects
1.
UP functions receive a downlink IP packet.
2.
Based on the information configured using NG4 signalling as described in Figure 6.2.2.2-2, the UP functions determines the FPI (FPI_1 in the figure) to apply as packet marking over NG3. The packet marking is used in the NG3 encapsulation header, and possibly as transport-layer marking. If the UP functions determines that reflective QoS should be used for corresponding uplink traffic, it includes the RQI in the packet marking.
3.
Upon reception of the NG3 packet the AN uses the FPI marking to determine the packet handling on the radio interface. If the UE has no corresponding “radio bearer” for FPI_1, the AN implicitly initiates a new “radio bearer” for FPI_1. If RQI was included in the NG3 packet, the AN replicates it in the radio header of the downlink radio packet. The AN also includes FPI_1 in the downlink radio packet e.g. to assist the UE in determining QoS for corresponding uplink traffic in case of reflective QoS or towards a Remote UE in case the UE acts as a Relay UE.
4.
Upon reception of the radio packet UE take a note of the received information (FPI and/or RQI). If RQI was present in the downlink, it handles all corresponding uplink flows with the same FPI (i.e. FPI_1). Given that the QoS handling of this flow was initiated by the network, FPI_1 does not need to be part of the “pre-authorised FPI set”.
5.
An application client in the UE provides an uplink packet for transmission to the lower layers. Based on internal configuration the UE maps the uplink packet into one of the pre-authorised FPIs (FPI_2 in the figure) and proceeds with transmission in the uplink, as defined by RAN specifications. If the UE currently has no corresponding “radio bearer” for FPI_2, the UE initiates a new “radio bearer” for FPI_2 using in-band means. The UE includes the selected FPI (FPI_2) in the radio packet header.
6.
Upon reception of the radio packet the RAN verifies whether FPI_2 is part of the “pre-authorised FPI set”. In the affirmative case the RAN copies the received FPI in the NG3 encapsulation header, and possibly uses FPI_2 to determine any transport-layer marking over NG3. Otherwise the RAN discards the packet.
Editor's note:
It is FFS whether whether in emergency situation UE should be allowed to initiate a flow with an FPI that is not part of the “pre-authorised FPI set” and how this is handled by the system.
7.
Upon reception of the NG3 packet the UP functions performs validation of the FPI. If the UP functions determines that the flow initiated by the UE requires a different QoS than the one selected by the UE, the UP functions performs a corrective action.
Editor's note:
It is FFS whether the corrective action consists in silent packet discard or whether UP functions uses C-plane QoS signalling or U-plane markings to instruct the UE to switch to a different QoS.
8.
UP functions forwards the uplink IP packet towards the data network.

6.2.2.3
Solution evaluation

Editor's note:
This clause will contain evaluation on the system impacts, e.g. UE, access network and non-access network.

####################### END TEXT FOR TR 23.799 ##########################
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